Summary &horbar; The effects of grass maturity on the mean retention time of liquid and particles, digestibility and duodenal nutrient flows were measured by feeding second cuts of perennial ryegrass to 3 fistulated lactating dairy cows over 2 successive periods (late June and mid-July, 28 
INTRODUCTION
Food intake and the extent of digestion of forage are related to the retention time of feed residues in the digestive tract (Bull et al, 1979; Mertens and Ely, 1982) . Factors influencing the rate of passage of undigested residues have been extensively studied in sheep, whilst more specific information in dairy cows has been obtained over the last 10 yr (Hartnell and Satter, 1979; Snyder et al, 1984; Shaver et al, 1986 Shaver et al, , 1988 Mambrini et al, 1988; Peyraud et al, 1989) . However, data regarding fresh forage are still lacking, although it is a major feedstuff given to dairy cows for half of the year in western Europe. Indeed, the digestive transit of fresh forage has only been examined in steers grazing low fertilized native rangeland (Krysl et al, 1987) or in tropical pastures (Pond et al, 1987) . These studies concluded that there was an increase in the retention time of particles with advancing plant maturity.
However, these data need confirmation for highly digestible fresh forage given to dairy cows. Compared generally to conserved forages, fresh grass has high water content, high digestibility and low level of lignified cell walls. These characteristics may lead to particular features in the rumen dynamics of liquid and particles. However, there appears to be no direct comparison between fresh and conserved diets in the literature. (20 May, 1988) Total apparent N digestibility ranked the diets in the following order: mature grass < maize silage < young grass (P < 0.05).
The NAN flow relative to DOMI tended to be higher with fresh grass diets, unless the difference was not significant (P > 0.10).
Cows drunk more water with the maize silage diet (P < 0.05) but considering the dry matter of feedstuffs, total water intake was not different between young grass and maize silage (P > 0.10; (table VI) . Similarly, physiological components of the GW model are obscure for forages because the time of first appearance of marker in the faeces was also overestimated. In contrast, the E3 model provided a delay and a time spent in the second compartment that were close to TT and T2, suggesting that this model fits the first steps of the faecal kinetics adequately. However, the time spent in the first compartment was lower than T1 (table VI) . So, we inferred that no confidence could be placed in the estimations of rumen retention time due to their variations with the different models. We preferred to use the method for which we had determined the physiological implications of the parameters.
Characterization of grass diets
The decrease of OM digestibility with plant maturity is well known (INRA, 1989) . Nonetheless, the values remained high for the more mature grass. This result is explained by the decrease of NDF digestibility. Actually, the level of indigestible cellwall material (total NDF content minus digestible NDF content) increased from 112 2 for the young to 162 g/kg OM for the more mature grass. Because this study suggests that the decrease in digestibility is not due to a lower rumen mean retention time, it may be related either to characteristics of plant cell walls or to lower cellulolytic activity in the rumen. Nylon bag incubations were not carried out in the present study but Legoffe (1991) showed that the rate of degradation of DM decreases as the plant matures. Similar results were obtained from a first and a second cut of fresh ryegrass in our laboratory (JL Peyraud, unpublished results). The lower fiber digestibility may be also related to ruminal characteristics and, in particular, the low levels of ammonia could have limited cellulolytic activity (Hoover, 1986) . Indeed, Kennedy et al (1992) found that digestion rate of forage cell wall incubated in situ was depressed below the rumen ammonia level of 25 to 50 mg N/I.
The advanced maturity had no major effect on the site of digestion of DOMI. Apparent rumen digestion accounted for 0.62 of DOMI, which is slightly less than data recorded for fresh ryegrass diets fed to growing cattle (Beever et al, 1985) . This may be either related to the slight overestimate of duodenal flow previously mentioned or to species differences. The decrease of NAN flow with grass maturity is in accordance with previously reported results (Beever et al, 1978 (Beever et al, , 1985 (Beever et al, , 1986 Verit6 et al, 1984) . It is probably due to lower microbial nitrogen production. In particular, the ammonia concentration was close to the minimal value required for maximal microbial synthesis ( (Krysl et al, 1987; Pond et al, 1987 TMRT of grass particles was shorter than for maize silage particles only in the case of the young highly digestible grass (-6.7 h). Obviously, this difference could have been influenced by the lower intake observed with the grass diets, since TMRT is known to increase when intake decreases (Hartnell and Satter, 1979; Snyder et al, 1984; Shaver et al, 1986 Mambrini, 1990) . Indeed, the passage of grass and maize silage particles was quite different. The retention time of small particles in the rumen was lower for the 2 grass diets probably as a consequence of the higher FOR. This is consistent with the suggestions of Faichney (1986) Kay, 1965; Grovum and Hecker, 1973) .
Concentrate TMRT was always lower than, but highly correlated with, forage TMRT (r = 0.84; n = 9). Thus when the same concentrate was used with the 2 grasses and the maize silage, shorter transit times were associated with the fresh forage. This effect is explained by the lowest retention of the small particles in the rumen with the grass diet as a consequence of the water dynamics already mentioned for forage particles. Widyobroto and Peyraud (1993) showed that concentrate TMRT was not affected by the level of concentrate (20-35%, DM basis). Thus the transit of the concentrate, and consequently its nutritive value, seems to be dependent on the nature of diet.
CONCLUSION
Increasing the maturity of fresh grass influenced liquid and particle dynamics. The index of comminution time of coarse particles was increased with more mature grass compared to the highly digestible grass, yet the retention time of small particles in the rumen remained unaffected.
Compared to conserved forages, fresh grass showed a rapid FOR which was probably responsible for the lower rumen retention time of small particles. The retention time of concentrate particles seemed to depend on the nature of the associated forage, more so than content of concentrate in the whole diet.
